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CHAPTER 1 INTRODUCTION 
A multiple-input (MI) converter is a circuit that accommodates the input of more than 
one energy source and provides at least one output. This can be applied in areas such as 
residential, aerospace, automotive, portable power, and any other multiple power source 
application. Multiple inputs allow for alternative energy sources to be better utilized. This 
document presents an analysis of one general MI converter topology that can facilitate many 
applications. 
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CHAPTER 2 LITERATURE REVIEW 
A review of related work on MI converters is presented. Many are application specific, 
but can be generalized. Each published paper is referenced in Chapter 8. 
The authors of [1] propose a two-input MI topology. This topology is designed to 
intelligently control energy flow from an ac-rectified utility line and a solar panel. A switching 
scheme is proposed, and the resulting circuit is simulated and tested. The paper focuses on the 
two-input MI topology, but the circuit can be easily extended to accommodate more inputs. 
The topology from [ 1] is shown without the ac-rectification and the solar array inputs in 
Figure 2.1. (All figures and tables appear in the last section of each chapter.) This circuit has 
multiple transformer windings on the primary side, which give it the ability to use multiple 
isolated inputs. Although not proposed, separate secondary windings may also be used to allow 
a multiple output (MO) configuration. Each power source on the primary winding provides 
energy to the transformer that is then stored, and eventually sent to the secondary windings. 
The authors of[l] proposed a scheme to promote soft-switching. The switching power 
loss is reduced, resulting in greater power efficiency. To achieve the maximum power from the 
solar array, an optimum power point tracker is used. This method is normally implemented with 
a microcomputer but, due to the small power capacity of the system, a system of inexpensive p-n 
junction diodes is proposed. Test results show an efficiency of 85% for the complete system. 
The topology [2] has the advantages of electrical isolation of inputs. Using a transformer 
with multiple windings has the disadvat).tage of needing a substantially larger transformer and 
also places practical limitations on the number of inputs. The topology seems to work very well 
for the application, but has some significant limitations in other applications. 
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In [2] the authors present two topologies. The first is the buck-boost type proposed in 
[1]. The second is a forward type MI converter. Due to the simpler circuit configuration, the 
buck -boost circuit is analyzed. The dynamic and steady-state characteristics are investigated and 
the resulting model is compared to experimental results. Stable modes and boundaries are 
explored and presented. 
In [3] an MI converter for a commercial hybrid vehicle is presented. This method uses 
three energy sources: an ultracapacitor, an electric generator, and a battery. The system uses the 
high power capability of the ultracapacitor to supply power for regenerative breaking. The 
hardware is sized so that the internal combustion engine and generator supply three-fifths of the 
maximum cruising power with the remaining two-fifths being supplied by the battery. The paper 
also shows the advantages of using an MI converter for hybrid systems. 
To utilize the three power sources intelligently, a multiple input power electronic 
converter (MI-PEC) is presented. This topology is useful because of its ability to be 
implemented with current components and with the control theory previously developed. 
Each power source has its own phase-leg (Figure 2.2) which includes an input capacitor, · 
inductor, two controlled switches, two power diodes, and an output capacitor. Each phase-leg 
can be used to supply power to the bus or take power from it. Many of the components used can 
be purchased in multi packs, reducing the volume, weight, and cost of the system. Gains from 
using multipacks of components outweigh the cost of having a phase-leg used by a unidirectional 
power source such as the electric generator. A control ·scheme is proposed that takes into 
account maximum and minimum restrictions on the three sources. To increase power efficiency 
and reduce emissions, the control system limits the use of the internal combustion engine during 
peak demand. The system also limits the startup current to prevent damage. 
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Advantages of [3] include the ability to use bidirectional power sources and the option to 
implement a common phase-leg. This allows for a cost-effective, versatile, and reliable 
converter. The disadvantage is that systems with many unidirectional sources will require many 
unnecessary components, adding to the cost, volume, and weight. The system is not 
electronically isolated, but can be modified. 
In [4] the authors used a simplified version of[3]. The circuit was designed to convert de 
power from a wind generator and a solar array into a de output. This system could be distributed 
in the utility system to supply sustainable energy. The output ripple is explored. The complete 
system, de-de converter, and single-phase dc-ac converter are simulated and tested. The de-de 
converter uses unidirectional sources, and therefore fewer parts than [3]. The system is not 
electronically isolated. 
Authors in [5] present a two-input buck converter (Figure 2.3). The authors placed a 
second de input using a diode in series with the original source. Although this topology cannot 
be scaled, is has a very high efficiency. 
The authors in [ 6] present a scalable form of the two-input buck converter (Figure 2.4). 
The converter is used with a solar array peak-power tracking system, battery power conditioning, 
and a bus regulation system. Similar to [5], the circuit is not electronically isolated and can only 
perform buck operations. 
The literature review shows many of the applications ~d uses of the MI converter. The 
topology presented in Chapter 3 has inherent advantages and disadvantages from the other 
topologies presented. Fewer components are needed for every input because the circuit is not 
inherently bidirectional. Because it does not have multiple primary windings on a transformer, it 
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costs less to manufacture. The circuit is not electronically isolated, but can be isolated by adding 
a transformer to the input (Figure 2.5). The circuit output can be fed back using a second 
converter to allow for a bidirectional port. Also by using a transformer, a multiple output 
derivation can be realized (Figure 2.6). 
2.1 Figures 
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Figure 2.1: Multiple-input, multiple-output converter from [1]. 
Figure 2.2: Multiple-input boost converter from [3). 
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Figure 2.3: Two-input buck converter from [5). 
Figure 2.4: Two-input buck converter from [6). 
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Figure 2.5: Proposed multiple-input flyback converter. 
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Figure 2.6: Proposed multiple-input, multiple-output flyback converter. 
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CHAPTER 3 PRESENT TOPOLOGY 
A scalable multiple-input buck boost (MIBB) converter is proposed in [7]. The MIBB 
(Figure 3.1) uses a forward conducting bidirectional blocking (FCBB) switch for each input. 
Each switch is then connected to an inductor and power diode. Finally, a capacitor is connected 
at the output. 
3.1 Applications 
The topology can be applied to many applications with multiple inputs. Such 
applications include but are not limited to uninterruptible power supplies, hybrid vehicles, 
·distributed power systems, sustainable energy sources, and connecting parallel systems. The 
topology allows power transfers from different sources to be controlled, enabling the effective 
use of sustainable energy sources. The internal combustion engine is more efficient and releases 
fewer emissions when it is run at a continuous speed. Because drivers need to have a large 
dynamic change in power to the wheels, a power control topology can increase efficiency, 
decrease emissions, and still provide the driver with the acceleration desired. 
3.2 Introduction to Mathematical Model Notation and Assumptions 
The mathematical model is found for the ideal case, and does not take into account 
voltage drops or circuit losses. There are N inputs. Each input power source has an associated 
voltage and current. The Nth power source voltage is denoted as VN and has a current denoted as 
IN. The voltage is assumed to be positive semidefinite. No assumptions are made about the 
nature of the power input, other than that its output characteristics are ideal. The ports are 
assumed to be unidirectional, thus no power is assumed to flow into the power sources. The 
sources are ordered by descending voltage levels, starting with the maximum at one. The 
resulting list in notation is V., V2 , ••• , VN . Because the power converter is allowed to work as a 
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power controller, no assumptions are made about the current from each source, but the notation 
is the same (11,/2 , ••• ,/N ). 
Each switch is controlled by the logical input qN. When qN is true (1), the switch is 
forward-conducting that is, power is allowed to flow out of power source N. When qN is false 
(0), power flow is blocked in both directions, meaning that power is not allowed to flow in or out 
of the power source at N. The notation used is ranked by decreasing voltage order and appears 
as (q1,q2, ... ,qN). Because qt is assumed to always have the highest voltage, an FCBB switch is 
not needed. The switch at q1 only needs to be forward-blocking; therefore, a forward-conducting 
forward-blocking (FCFB) switch may be substituted. 
The basic mathematical representation of the topology is divided into two modes of 
operation. Because the diodes block a negative current, the inductor current cannot go below 
zero. One mode is the continuous current mode (CCM), in which the current is allowed to have 
a ripple, but never to reach zero current. The second mode allows for zero current and is denoted 
as discontinuous conduction mode (DCM). 
3.3 Continuous Conduction Mode Derivation 
Because this mode is defined as always having positive current flow from the inductor, 
then by Kirchoff's current law (KCL ), current must be positive definite in either one of the input 
sources ( q1, q2 , ••• , q N) , or the output diode. When any voltage source is on-that is, any 
( q1,q2, ... ,qN) is true-the voltage at the inductor node must be greater than zero. This is due to 
the assumption that all the voltage sources are positive semidefinite. Because the components 
are assumed to be ideal, the capacitor is large enough to allow no output voltage ripple. Because 
current always flows from a positive voltage to a negative voltage, Vout must be negative 
semidefinite. For the output voltage to be zero in CCM, the combined input duty cycles must be 
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100%. Because in application this would require an inductor capable of storing an infinite 
amount of energy, it is assumed that the combined duty cycles will always be less than 100%. 
This assumption makes the Vout negative definite. This analysis of voltages shows that if any 
( q1, q2 , ••• , q N) is equal to one, then current flowing through the output diode must be zero. This 
is proven true because a positive semidefinite value must always be larger than a negative 
definite number. Because the inductor current is continuous when all switches (q1,q2,. •• ,qN) are 
false, the output diode must conduct. If there are several switches turned on, then the source 
with the highest voltage will conduct to the inductor. The FCBB ability on all other switches 
will stop current from flowing into other sources. By Kirchoffs voltage law (K.VL) the voltage 
across the inductor when all switches are off must be the negative of the output voltage, that is 
VL = -~.,, . Similarly by KVL, when at least one switch is on, the voltage across the inductor 
must be equal to the highest activated source. This is represented by the following equation: 
(3.1) 
Due to the CCM restrictions, and the assumption that a combined duty cycle of 100% is 
not used, the current in the inductor must be finite and greater than zero at all times. This allows 
the assumption that eventually the inductor will reach a steady-state, where power stored in the 
inductor when the switches are on is equal to the power delivered to the capacitor and output 
load when all the switches are off. Because the power of the inductor is on the average constant, 
by conservation of energy the current in the inductor must be on the average zero. Because the 
average inductor current is constant, the average voltage across the inductor must be zero by 
Faraday's law. By setting the average inductor voltage to zero, V L = 0, and solving Equation 
(3.1) for Voutt the resulting equation is: 
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T 
JmF(q;Y'Jdt 
v =..::..0 ___ _ 
ou1 T 
mq;dt 
0 ; (3.2) 
The switching scheme shown in Figure 3.2 starts each duty cycle at the same time and at 
the same frequency. Each switch is allowed to have a different duty cycle, which makes the 
trailing edges occur at different times. This scheme simplifies Vout to 
LDeff(i)V; 
v =~; __ _ 
out 1-~ax(D;) 
I (3.3) 
where DeJJO; is the fraction of time when thejth switch conducts current. The resulting duty cycle 
IS 
Deff<J> = 
i-l 
0, D; < L D eff(j) 
j-1 
i-1 i-1 
D;- LDeff(j)'Di ~ LDeff(j) 
j-1 j-1 
(3.4) 
(3.5) 
Because the inductor current /L is constant, its value can easily be found. When all the 
switches are off, lout is equal to the inductor current iL. Therefore, the average inductor current is 
J - /out 
L -1-LDeff(j) 
j (3.6) 
Assuming the inductor time constant is long compared to the period T, the rate of change 
of inductor current can be approximated as the change in current divided by the time the output 
current conducts. Simplified, this yields 
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(3.7) 
Similarly, if the capacitor time constant is large compared to the switching period T, then 
(3.8) 
The current from the capacitor is a function of when the output diode is conducting. 
When the output diode is conducting, KCL requires that current is delivered from the capacitor 
to the output load. When the output diode is conducting, KCL shows that it is supplied current 
from the inductor, and also supplies current to the load. As such 
i = {iL- lout (diode not conducting)} 
c -I out (diode conducting) (3.9) 
Multiplying (3.3) by lout yields the power input from each source. This can be used to 
help show the power transfer control that the topology is capable of. The result is 
(3.10) 
3.4 Continuous Mode Example 
Since V1>V2, Equation (3.3) becomes the single input case when Dt ~ D2 
(3.11) 
The multiple input case occurs for Dt ~ D2, resulting in 
(3.12) 
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3.5 Power Flow Control by Duty Cycle for Continuous Conduction Mode 
The topology can use a switching strategy which allows control of power flow from each 
source. This switching scheme assumes that the output voltage is nonnegative, and the power 
from each source is nonnegative. This is accomplished by the switches and the output diode. 
The Vout and power equations are 
(3.13) 
(3.14) 
Because the output voltage is constant and the converter is considered to be lossless, the 
output current is 
• I ~Deff<.> Pi = Pi = out 1 1 
1-LDeff(j) 
j 
When Pi is divided by P1 the resulting equation simplifies to 
Solving (3.16) for DeJJ'(i) yields 
If ~D 
Deff(i) = P.V, eff(J) 
1 i 
Substituting into (3.13) and simplifying yields 
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(3.15) 
(3.16) 
(3.17) 
·r 
' 
.rj 
1.. 
Solving for Deff(IJ and simplifying yields 
Or, in general 
D V• ~· 1 eff(i) = OUI • V • ~P. ~ • 
I v outLJ_J_+ LJP-
i"V.i j J 
(3.18) 
(3.19) 
(3.20) 
A physical bound occurs in application and limits the duty cycle to 100%. Therefore, we 
must test. 
L D eff(j) ~ 1 (?) 
j 
Substituting (3.20) into (3.21) yields 
Because Vouh Pj, and Vj are positive defmite, (3 .22) is always true. 
3.6 Discontinuous Conduction Mode Derivation 
In application, DCM can be difficult to use due to the fact that the control scheme 
(3.21) 
(3.22) 
requires accurate knowledge about the components used. However, to be able to use many 
14 
diverse sources, this mode may be necessary. Therefore, an analysis ofDCM is needed for 
completeness, and to yield general expressions that can aid in design of the open-loop system. 
In DCM the inductor current settles to zero before the end of every period. That is, all 
energy stored in the inductor is sent to the output load and capacitor each period. For this 
analysis it is again assumed that the time constant of the inductor is slow compared to the 
switching period. This is easily obtained in application because a larger switching period allows 
for a smaller inductor. Therefore, a larger switching period allows for a smaller and cheaper 
circuit. Although more than one switch may be turned on at any given time, only the switch with 
the highest voltage source is effectively on. This source delivers power to the inductor, which is 
stored as a change of current. Applying Faraday's law and solving for the resulting change in 
current for one segment yields 
(3.23) 
By definition DCM starts at zero inductor current every period. Thus, at the instant when 
all the switches are off, a peak inductor current is observed. For the remainder of the period, 
energy is only delivered to the output by the inductor. By summing the changes in inductor 
current from each source, a peak stored current is found. This is shown in Figure 3.3. 
(3.24) 
Using Faraday's law, the time the output diode conducts is the time that the inductor 
takes to deliver stored energy. This is represented by 
(3.25) 
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Because the diode is either conducting (on) or not conducting (oft) during the period T, a 
relationship is 
(3.26) 
Similar to the inductor analysis, the capacitor discharge is assumed to be slow compared 
to switching frequency. Solving for the voltage ripple yields 
(3.27) 
Energy from the inductor (0.5L;p2) is delivered to the capacitor and output load. The 
energy in the capacitor at the end oft<totr is 0.5C(Vout-L1Voul2i and the energy stored in the 
capacitor at the end oftdon is 0.5C(Vout+L1voui2i. The resulting net energy change in the 
capacitor is CVoutLfVout· Finally, the energy delivered to the output load is VoutfoutTdon· 
The resulting energy balance equation is 
(3.28) 
Substituting (3.25) and (3.27) into (3.28) and solving for Vout yields 
(3.29) 
3. 7 Power Flow Control by Duty Cycle for Discontinuous Conduction Mode 
__ The derivation for DCM control is presented. Substituting (3.24) into (3.29) and solving 
for the output voltage yields 
. K1'R" ~ = -LJDeff(j)~ 2L i (3.30) 
16. 
Multiplying (3.30) by lout results in the power delivered by thejth source, shown as 
• ~'R ~ = -DeJJu>~Iout 2L (3.31) 
Similarly to CCM, the power delivered from sourcej is compared to the .power delivered 
by the first source. 
I{ _ DeffCi> V; 
-.----
;: D ef!O> V. (3.32) 
Substituting (3.31) into (3.32) and solving for De.Dri)yields 
(3.33) 
For a nonresistive load, the following substitution for R can be used: 
(3.34) 
By definition, the sum of the effective duty cycles must be less than one for DCM. 
3.8 Discontinuous Mode Boundary 
It is helpful for the designer to know where the CCM and the DCM boundaries lie. This 
is especially important when an open loop controller is used. The brink of DCM occurs at 
LDeff(j)T +tdon = T 
j (3.35) 
Equation (3 .25) is substituted in, and the resulting equation is simplified. A boundary 
with respect to duty cycles, input voltages, and Vout is 
~ D eJJu> (1 + vj ) = 1 
J ~ut (3.36) 
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When this equation is greater than one, the topology is in CCM. A value less than one 
occur when in DCM. Equation (3.36) has been verified from experimental data by testing against 
measurements of inductor current. 
3.9 Nonideal Discontinuous Conduction Mode Equations 
The accuracy of the model is improved by accounting for voltage drops across the FCBB 
switch and the inductor core losses. This is especially important for DCM because the output 
voltage depends on circuit component values, and because of the higher losses in the inductor. 
The constant voltage drop across the switch, when on, is VFcBB· The voltage drop across the 
diode causes the effective input voltages to decrease to V;-VFcBB· The output diode also 
decreases the voltage so Vow is replaced by Vout+ Vd, resulting in 
(3.37) 
Inductor core losses are also considered. Empirical equations from the manufacturer are 
used [8]. Core loss in W/cm3 is empirically 
(3.38) 
with a,b,c,d as manufacturer-specified constants. The frequency is parameter! B is the peak ac 
magnetic flux density in Gauss, calculated from 
(3.39) 
where N is the number of turns and A is the core cross-sectional area in cm2• 
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To calculate the nonideal model, an estimate is made to account for nonideal switches. 
The estimate is then revised for core losses and efficiency is calculated. If the efficiency is higher 
than the established efficiency (obtained from the original ip estimate), then a new, lower 
estimate of ip is made and the process repeats until the calculated and estimated values match. 
3.10 Figures 
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Figure 3.1: Proposed multiple-input buck-boost converter. 
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Figure 3.2: Switch control scheme used in model development. 
Figure 3.3: Discontinuous mode current example. 
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CHAPTER 4 HARDWARE IMPLEMENTATION 
The hardware implementation can be divided into two main components: the duty cycle 
controller and the three-input buck-boost converter. The duty cycle controller includes the PCI-
6025E National Instruments (NI) board, its cable board, and the logic board that converts a 
binary number into a duty cycle percentage. The second component is the three-input buck-
boost converter. Figure 4.1 shows the conceptual layout ofthe hardware implementation. 
4.1 Selection of Components Used in the MIBB 
The components of the MffiB were selected to supply a resistive load of up to 150 W. 
The implemented circuit is shown in Figure 4.2. The switching must also be sufficiently fast to 
reduce dead time. Otherwise, the duty cycle will be effectively longer than the intended value. 
The voltage that the MOSFETs must block is low. When the output diode is not conducting, the 
blocking voltage needed is the difference between the minimum and maximum input voltages. 
When the output diode is conducting, then the blocking voltage needed is the output voltage plus 
the input voltage at that switch. The circuit was taken to have a maximum output voltage of 63 
v. 
The input diodes are only required to block up to the difference of ~, Ji, ... , VN . For the 
three-input design used, this is less then 20 V. Because the output diode is required to transfer 
the power from all of the input switches, the maximum current is limited by the output diode. 
The output diode is required to block up to twice the output voltage, which requires the 
use of a high voltage diode. Because all the average output current flows through the output 
diode, it also requires a high current rating. 
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4.2 Pin Layout of NI-DAQ Daughter Board 
A connection board was built to easily connect the duty cycle control board to the NI board. 
This board has two standard 50-pin cable inputs. A diagram showing the pin assignments is 
included as Figure 4.3. 
4.3 Duty Cycle Controller Board 
The purpose of the duty cycle controller board is to convert an 8-bit input from the NI 
board to a pulse stream with a programmed duty cycle. This is done by using a counting scheme 
with J-K flip-flops. Figure 4.4 shows the detailed diagram. This method has one master counter 
that continuously counts and sends signals to clear the slave counters. Each input has a slave 
counter, and the system has one master counter. The slave counters are each loaded the 8-bit 
value from the NI board. The counters then count down from this value. When the counters 
reach zero, they output a pulse to a J-K flip-flop. The J-K flip-flop is connected to output a true 
state, until a pulse is detected at the input. The output of the flip flop is connected to a MOSFET 
driver, which provides the correct signal to tum on the FCBB switches. When the master 
counter finishes the full count, it sends a signal to the slave counters to reload the 8-bit values. 
The master counter also sends a signal to the J-K flip-flop, commanding it to a true set. The 
cycle restarts again and the counters count down. The resulting system output has a switching 
scheme where the leading edges all coincide. All switch control signals have a frequency of the 
clock (elk) divided by 256. This control scheme allows for an easy comparison of the models 
from Chapter 3. 
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4.4 Figures 
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Figure 4.1: Concept of hardware implementation. 
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Figure 4.2: Three-input buck-boost converter implementation. 
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CHAPTER 5 SOFfW ARE IMPLEMENTATION 
Various software packages were considered. Labview™ has very comprehensive support 
for NI boards. C++ has well developed libraries and is a commonly used language. Microsoft 
.Net suite is new and has limited support, but is very easy to use. For this project, visual 
programming languages such as Labview™ and Visual Basic .Net are much more effective 
methods. A Labview™ license is expensive, and because the control system is open-loop, 
Visual Basic .Net proved to be the best option. Another advantage to using Visual Basic .Net is 
the common language, which allows the programmer to write code in both Visual Basic and 
C++. The common language method used in .Net also allows for programs written in Visual 
Basic to perform much faster than with Visual Basic 6.0, almost as fast as C++. Finally, a 
program written in .Net does not need to have a license to run, or even to have the complete .Net 
suite installed. To run a .Net file, only the framework is needed, which is free and easily 
accessed from the Internet. 
5.1 Visual Basic .Net Coding 
The Microsoft .Net package is relatively new, with the first version released in 2002. 
Support for it is very limited, and many revisions were made and released as a 2003 version. NI 
released a support driver and example code in 2003. The new drivers can only be used in the 
2003 .Net package. Thus Microsoft .Net 2003 and National Instruments Studio 7.0 must be 
installed to control the PCI-6025E board. The code is included in the Appendix. 
The user interface is included as Figure 5 .1. This interface performs customized testing 
of the MIBB in both modes. The mode is selected from the drop box as either "Kenwood Source 
Test" or as "Real Power Source Test." The "Ac Power" checkbox is controlled by a digital 
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input, which tells the software when the rectified ac utility line is active. To activate the control 
sensor the user clicks "Start." To stop the digital port scan the user clicks the "Stop." 
The "Real Power Source Test" is to be used with three power sources. It uses one sensor 
that detects power flow from Port B. If no current is detected coming from Port B, then the duty 
cycles at Port B are automatically copied to Port C. This allows the source connected to Port C 
to act as an energy backup system if the source in Port A is disconnected. 
The software sends an 8-bit binary value to the Nl board. The binary number is converted 
to the decimal system and displayed. Clicking on the "+/-13", "+/-5", and "+/-1" buttons 
changes the numeric value sent to the board. 
5.2 Figure 
Tra~lsactlon 2003 Duty Cycle Control 
Nir ~ ~ ·~:VD~ · Jms-r... iJ P .AcPGIMI 
SOlar Panal/ Port A 
., .. , 
stari l ' • j · ' ~~ . ·< • ·. • 
Figure 5.1: User control panel for controlling pulse-counter board. 
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CHAPTER 6 REGULATED DC POWER SOURCE TEST 
Data was collected using the Visual Basic .Net form created, and a voltmeter. The 
voltmeter was used to measure the output voltage. The output capacitor is fixed at 1500 ~ at 63 
V. Various resistors were used as loads. Each test has the resistor value noted. The conduction 
mode was verified using a current probe. If a current offset was detected, then CCM was 
confirmed; otherwise, it is DCM. The switching frequency was held constant at 30 kHz for both 
modes though a different inductor was used for each. The duty cycles were controlled using a 
pulse-counter board with supervisory control from a computer interface. 
A CCM test was performed with voltages of V1 = 30 V, V2 = 25 V, and V3 = 20 V. The 
inductor is a powdered-iron ( -26 mix) from [8] and had a series resistance of 177 mn and a 
inductance of 7.64 mH at 100 Hz and 1-V excitation. The duty cycle at Dt is varied, while D2 
and D3 are locked at 55.7% and 59.6%, respectively. The resistive load is fixed at 39 n. The 
output voltage with respect to D1 is presented in Table 6.1 and Figure 6.1. 
A second CCM test was performed with voltages of V1 = 30 V, V2 = 25 V, and V3 = 20 V. 
The inductor is a powdered-iron ( -26 mix) from [8] and had a series resistance of 177 mn and an 
inductance of 7.64 mH at 100 Hz and 1-V excitation. The duty cycle at D2 is varied, while Dt 
and D3 are locked at 30.6% and 54.9%, respectively. The resistive load is fixed at 39 n. The 
output voltage with respect to D2 is presented in Table 6.2 and Figure 6.2. 
Because the mathematical model does not include losses, it was expected that the 
measured data would not be exactly equal to the ideal mathematical model. For CCM, shown in 
Figures 6.1 and 6.2, the mathematical model shows a similar trend, and follows the measured 
values closely. The mathematical model more closely resembles experimentation when voltage 
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drops across switches is accounted for. Experimental results generally agree well with the 
proposed mathematical model, this validates the technique. 
A DCM test was performed for a single input case with a voltage of V = 15 V. The 
inductor is a powdered-iron ( -26 mix) from [8] and had a series resistance of 7 mn and a 
inductance of 13.5 ~at 100Hz and 1-V excitation. The resistive load is fixed at 19.7 a. The 
measured output voltage is compared to the mathematical model in Table 6.3 and Figure 6.3. 
A multiple input DCM test was performed with voltages of Vt = 20 V, V2 = 15 V, and V3 
= 10 V. The inductor is a powdered-iron (-26 mix) from [8] and had a series resistance of 177 
rna and an inductance of 13.5 ~at 100Hz and 1-V excitation. The duty cycle at D2 is varied, 
while Dt and D3 are locked at 30.6% and 54.9%, respectively. The resistive load is fixed at 19.7 
a. The output voltage with respect to D2 is presented in Table 6.4 and Figure 6.4. 
A second multiple input DCM test was performed with voltages of V1 = 20 V, V2 = 15 V, 
and V3 = 10 V. The inductor is a powdered-iron (-26 mix) from [8] and had a series resistance 
of 177 mn and an inductance of 13.5 JJ.H at 100 Hz and 1-V excitation. The duty cycle at D3 is 
varied, while D1 and D2 are locked at 29.8% and 35.3%, respectively. The resistive load is fixed 
at 19.7 n. The output voltage with respect to D3 is presented in Table 6.5 and Figure 6.5. 
DCM results, shown in Figures 6.3-6.5, have a large offset from the ideal case. This is 
due to increased core losses and also because of the sensitivity of DCM. To better check the 
validity of the mathematical model, nonideal effects were approximated. A more sophisticated 
loss model would likely produce more accurate results. A single input test was conducted for 
DCM to further help support the validity of the mathematical model. Experimental results 
generally agree well with the proposed mathematical model, validating the technique. 
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6.1 Figures and Tables 
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Figure 6.1: Output voltage for continuous mode as D 1 is varied. 
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Figure 6.2: Output voltage for continuous mode as D1 is varied. 
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Figure 6.5: Output voltage for discontinuous mode of MmB as D3 is varied. 
Table 6.1: Raw data for CCM with Dl varied. 
01 (%) V out_rneas (V) v out_ Ideal (V) 
29.8039 39.1 40.097 
35.2941 39.8 40.776 
40.4901 40.3 41.419 
45.49 41 42.038 
50.196 41.5 42.621 
55.6862 42.2 43.300 
60.3921 44.6 45.742 
65.8823 56 57.930 
69.8039 66.5 69.350 
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Table 6.2: Raw data for CCM with Dz varied. 
02(0k) V w._maas (V) v oot_'rdea (V) 
29.8 30.79 31.130 
35.2941 31.23 31.652 
40.392 31.7 32.217 
45.49 32.27 32.782 
50.5882 32.6 33.347 
55.6862 34.3 34.867 
60.3921 41.1 41.980 
65.8823 51.2 52.758 
69.8039 60.5 62.8573 
Table 6.3: Raw data for DCM in the single input case. 
D (%) Voot-meas (V) V oot-caJc (V) 
4.7 3.42 3.476 
10.196 6.59 7.542 
14.902 9.14 11.023 
20.3921 12 15.084 
/ 25.098 14.37 18.566 
29.8 16.68 22.044 
35.2941 19.32 26.108 
40 21.53 29.589 
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Table 6.3 continued. 
45.4901 24.05 33.651 
50.196 26.19 37.132 
55.6862 28.65 41.193 
60.3921 30.65 44.674 
65.8823 32.8 48.736 
Table 6.4: Raw data for DCM with D1 varied. 
02 (%) V out-meas (V) V out-calc (V) 
29.8 28.5 42.160 
35.2941 29.1 43.320 
40 29.8 44.481 
45.49 30.7 45.835 
50.196 31.5 46.995 
55.6862 32.8 48.736 
60.3921 34.8 52.217 
65.8823 37 56.278 
69.8039 38.6 59.179 
Table 6.5: Raw data for DCM with D3 varied. 
03 (%) V out-meas (V) V od.-QJJc (V) 
29.8 24.05 33.457 
35.2941 24.15 33.457 
40 25.25 35.778 
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Table 6.5 continued. 
45.49 26.74 38.485 
50.196 28.03 40.806 
55.6862 29.54 43.514 
60.7843 30.79 46.028 
65.8823 32.08 48.542 
69.8039 32.9 50.476 
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CHAPTER 7 CONCLUSIONS 
Steady-state analysis for the MIBB converter was presented. It is shown that the MIBB 
converter is capable of accommodating MI and therefore is capable of energy source 
diversification, such as needed by hybrid energy systems. The converter has some advantages 
relative to those presented in Chapter 2. It was shown theoretically that with appropriate duty 
cycle control, the power flow from the sources can be arbitrarily selected for a given output, 
either higher or lower in magnitude than any input. Formulas were presented to predict output 
voltages for CCM and DCM. Suggestions were given for improving the accuracy of these 
formulas by accounting for switching drops and core loss. The validity of these formulas is 
supported by experimental data. Future work may include studies on hybrid systems and a 
closed loop control system. 
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APPENDIX PROGRAMMED CODE 
Imports Nationalinstruments.DAQmx 
Public Class Forml 
Inherits System.Windows.Forms.Form 
Private myTask As Task 
Private myDigitalReader As DigitalSingleChannelReader 
#Region " Windows Form Designer generated code " 
Public Sub New() 
MyBase. New () 
' This call is required by the Windows Form Designer. 
InitializeComponent() 
'Add any initiali zation after the InitializeComponent() call 
End Sub 
'Form overrides dispose to clean up the component list. 
Protected Overloads Overrides Sub Dispose(ByVal disposing As Boolean) 
If disposing Then 
If Not (components Is Nothing) Then 
components. Dispose() 
End If 
End If 
MyBase.Dispose(disposing) 
End Sub 
'Required by the Windows Form Designer 
Private components As System.ComponentModel.IContainer 
'NOTE: The following procedure is required by the Windows Form Designer 
'It can be modified using the Windows Form Designer. 
'Do not modify it using the code editor. 
Friend WithEvents Labell As System.Windows.Forms.Label 
Friend WithEvents Label2 As System.Windows.Forms.Label 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
Friend 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
WithEvents 
Label3 As System.Windows.Forms.Label 
Label4 As System.Windows.Forms.Label 
PlO_PortA As System.Windows.Forms.Button 
LabelS As System.Windows.Forms.Label 
NlO_PortA As System.Windows.Forms.Button 
NS_PortA As System.Windows.Forms.Button 
Label9 As System.Windows.Forms.Label 
PS_PortA As System.Windows.Forms.Button 
Nl_PortA As System.Windows.Forms.Button 
LabellO As System.Windows.Forms.Label 
Pl_PortA As System.Windows.Forms.Button 
Labelll As System.Windows.Forms.Label 
Label12 As System.Windows.Forms.Label 
Label13 As System.Windows.Forms.Label 
Nl_PortB As System.Windows.Forms.Button 
Label14 As System.Windows.Forms.Label 
Pl_PortB As System.Windows.Forms.Button 
NS PortB As System.Windows.Forms.Button 
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Friend WithEvents LabellS As System.Windows.For.ms.Label 
Friend WithEvents PS_PortB As System.Windows.Forms.Button 
Friend WithEvents NlO_PortB As System.Windows.Forms.Button 
Friend WithEvents Label16 As System.Windows.Forms.Label 
Friend WithEvents PlO_PortB As System.Windows.For.ms.Button 
Friend WithEvents Nl Porte As System.Windows.Forms.Button 
Friend WithEvents Pl Porte As System.Windows.Forms.Button 
Friend WithEvents NS Porte As System.Windows.For.ms.Button 
Friend WithEvents PS Porte As System.Windows.Forms.Button 
Friend WithEvents NlO_Porte As System.Windows.Forms.Button 
Friend WithEvents PlO_Porte As System.Windows.Forms.Button 
Friend WithEvents Min_Duty As System.Windows.Forrns.TextBox 
Friend WithEvents LabelS As System.Windows.Forrns.Label 
Friend WithEvents Label6 As System.Windows.Forrns.Label 
Friend WithEvents Max_Duty As System.Windows.Forms.TextBox 
Friend WithEvents Duty_PortA As System.Windows.Forms.TextBox 
Friend WithEvents Duty_PortB As System.Windows.Forms.TextBox 
Friend WithEvents Duty_Porte As System.Windows.Forms.TextBox 
Friend WithEvents Test eomboBox As Systern.Windows.Forms.eomboBox 
Friend WithEvents chk_AePower As Systern.Windows.Forms.eheckBox 
Friend WithEvents Duty_PortA_Actual As System.Windows.Forms.TextBox 
Friend WithEvents Duty_PortB_Actual As System.Windows.Forms.TextBox 
Friend WithEvents Duty_Porte_Actual As System.Windows.Forms.TextBox 
Friend WithEvents Label? As System.Windows.For.ms.Label 
Friend WithEvents Labell? As System.Windows.Forrns.Label 
Friend WithEvents Label18 As System.Windows.Forms.Label 
Friend WithEvents Label19 As System.Windows.Forms.Label 
Friend WithEvents Label20 As Systern.Windows.Forrns.Label 
Friend WithEvents Label21 As Systern.Windows.Forrns.Label 
Friend WithEvents Vout_textbox As Systern.Windows.Forms.TextBox 
Friend WithEvents VinA textbox As System.Windows.Forrns.TextBox 
Friend WithEvents VinB textbox As System.Windows.Forms.TextBox 
Friend WithEvents Vine textbox As System.Windows.Forms.TextBox 
Friend WithEvents Label22 As System.Windows.Forms.Label 
Friend WithEvents Label23 As Systern.Windows.Forrns.Label 
Friend WithEvents Label24 As Systern.Windows.Forrns.Label 
Friend WithEvents startButton As Systern.Windows.Forrns.Button 
Friend WithEvents stopButton As Systern.Windows.Forrns.Button 
Friend WithEvents loopTirner As System.Windows.Forms.Tirner 
<Systern.Diagnostics.DebuggerStepThrough()> Private Sub 
Initializeeornponent() 
Me.cornponents = New System.eornponentModel.Container 
Me.Labell New Systern.Windows.Forrns.Label 
Me.Label2 New Systern.Windows.Forrns.Label 
Me.Label3 New System.Windows.Forms.Label 
Me.Label4 New Systern.Windows.Forms.Label 
Me.PlO_PortA = New System.Windows.Forms.Button 
Me.Label8 = New Systern.Windows.Forrns.Label 
Me.NlO_PortA = New Systern.Windows.Forms.Button 
Me.NS PortA = New Systern.Windows.Forms.Button 
Me.Label9 = New Systern.Windows.Forms.Label 
Me.PS PortA= New System.Windows.Forms.Button 
Me.Nl PortA = New System.Windows.Forms.Button 
Me.LabellO = New Systern.Windows.Forms.Label 
Me.Pl_PortA = New Systern.Windows.Forrns.Button 
Me.Nl Porte = New Systern.Windows.Forrns.Button 
Me.Labelll = New System.Windows.Forms.Label 
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Me.Pl_PortC = New System.Windows.Forms.Button 
Me.N5_PortC = New System.Windows.Forms.Button 
Me.Label12 = New System.Windows.Forms.Label 
Me.P5_PortC = New System.Windows.Forms.Button 
Me.NlO Porte = New System.Windows.Forms.Button 
Me.Label13 = New System.Windows.Forms.Label 
Me.PlO_PortC =New System.Windows.Forms.Button 
Me.Nl PortB = New System.Windows.Forms.Button 
Me.Label14 = New System.Windows.Forms.Label 
Me.Pl_PortB = New System.Windows.Forms.Button 
Me.N5_PortB = New System.Windows.Forms.Button 
Me.Label15 = New System.Windows.Forms.Label 
Me.P5_PortB = New System.Windows.Forms.Button 
Me.NlO PortB = New System.Windows.Forms.Button 
Me.Label16 = New System.Windows.Forms.Label 
Me.PlO_PortB = New System.Windows.Forms.Button 
Me.Min_Duty = New System.Windows.Forms.TextBox 
Me.Label5 = New System.Windows.Forms.Label 
Me.Label6 = New System.Windows.Forms.Label 
Me.Max_Duty New System.Windows.Forms.TextBox 
Me.Duty_PortA New System.Windows.Forms.TextBox 
Me.Duty_PortB = New System.Windows.Forms.TextBox 
Me.Duty Porte = New System.Windows.Forms.TextBox 
Me.Test=ComboBox = New System.Windows.Forms.ComboBox 
Me.chk ACPower =New System.Windows.Forms.CheckBox 
Me.Duty_PortA_Actual New System.Windows.Forms.TextBox 
Me.Duty PortB Actual = New System.Windows.Forms.TextBox 
Me.Duty-PortC-Actual = New System.Windows.Forms.TextBox 
Me.Label7 = New System.Windows.Forms.Label 
Me.Label17 New System.Windows.Forms.Label 
Me.Label18 New System.Windows.Forms.Label 
Me.Label19 New System.Windows.Forms.Label 
Me.Label20 New System.Windows.Forms.Label 
Me.Label21 New System.Windows.Forms.Label 
Me.Vout textbox New Systern.Windows.Forrns.TextBox 
Me.VinA textbox New Systern.Windows.Forrns.TextBox 
Me.VinB textbox New System.Windows.Forrns.TextBox 
Me.VinC textbox New Systern.Windows.Forrns.TextBox 
Me.Label22 New Systern.Windows.Forms.Label 
Me.Label23 = New Systern.Windows.Forms.Label 
Me.Label24 =New Systern.Windows.Forms.Label 
Me.startButton = New System.Windows.Forrns.Button 
Me.stopButton = New System.Windows.Forms.Button 
Me.loopTimer = New System.Windows.Forrns.Timer(Me.components) 
Me.SuspendLayout() 
'Labell 
Me.Labell.Font =New System.Drawing.Font("Microsoft Sans Serif", 
15.75!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Labell.Location =New System.Drawing.Point(O, 8) 
Me.Labell.Name = "Labell" 
Me.Labell.Size = New System.Drawing.Size(536, 32) 
Me.Labell.Tabindex = 0 
Me.Labell.Text = "Transaction 2003 Duty Cycle Control" 
Me.Labell.TextAlign = System.Drawing.ContentAlignment.MiddleCenter 
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'Label2 
Me.Label2.Font =New System.Drawing.Font("Microsoft Sans Serif", 
14.25!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.Label2.Location =New System.Drawing.Point(O, 96) 
Me.Label2.Name = "Label2" 
Me.Label2.Size =New System.Drawing.Size(192, 24) 
Me.Label2.Tabindex = 1 
Me.Label2.Text = "Solar Panal I Port A" 
'Label3 
Me.Label3.Font =New System.Drawing.Font("Microsoft Sans Serif", 
14.25!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte}} 
Me.Label3.Location =New System.Drawing.Point(O, 200} 
Me.Label3.Name = "Label3" 
Me.Label3.Size = New System.Drawing.Size(152, 24} 
Me.Label3.Tab!ndex = 2 
Me.Label3.Text = "AC Line I Port B" 
'Label4 
Me.Label4.Font =New System.Drawing.Font("Microsoft Sans Serif", 
14.25!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.Label4.Location =New System.Drawing.Point(O, 2SS} 
Me.Label4.Name = "Label4" 
Me.Label4.Size =New System.Drawing.Size(12S, 24) 
Me.Label4.Tabindex = 3 
Me.Label4.Text = "Cap I Port C" 
'P10 PortA 
Me.P10 PortA.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte}} 
Me.P10_PortA.Location =New System.Drawing.Point(312, 152) 
Me.P10 PortA.Name = "P10 PortA" 
Me.P10 PortA.Size = New System.Drawing.Size(24, 16) 
Me.P10 PortA.Tabindex = 7 
Me.P10 PortA.Text = "+" 
'LabelS 
Me.LabelS.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.LabelS.Location =New System.Drawing.Point(256, 160) 
Me.LabelS.Name = "LabelS" 
Me.LabelS.Size = New System.Drawing.Size(4S, 24) 
Me.LabelS.Tabindex = S 
Me.LabelS.Text = "+1- 13" 
'NlO PortA 
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Me.N10_PortA.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte}} 
Me.N10_PortA.Location =New System.Drawing.Point(312, 168} 
Me.N10_PortA.Name = "NlO FortA" 
Me.N10 PortA.Size =New System.Drawing.Size(24, 16) 
Me.N10 PortA.Tabindex = 9 
Me.N10 PortA.Text = "-" 
'NS PortA 
Me.NS PortA.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte}} 
Me.NS_PortA.Location =New System.Drawing.Point{424, 168} 
Me.NS PortA.Name = "NS PortA" 
Me.NS PortA.Size = New System.Drawing.Size(24, 16} 
Me.NS PortA.Tabindex = 12 
Me.NS PortA.Text = "-" 
'Labe19 
Me.Label9.Font = New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType {0, Byte)) 
Me.Label9.Location =New System.Drawing.Point(368, 160) 
Me.Label9.Name = "Label9" 
Me.Label9.Size =New System.Drawing.Size(48, 24) 
Me.Label9.Tabindex = 11 
Me.Label9.Text = "+/- 5" 
'P5 PortA 
Me.PS_PortA.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.PS_PortA.Location =New System.Drawing.Point(424, 152} 
Me.PS PortA.Name = "PS PortA" 
- -Me.P5_PortA.Size =New System.Drawing.Size(24, 16) 
Me.PS PortA.Tabindex = 10 
Me.P5 PortA.Text = "+" 
'N1 PortA 
Me.N1 PortA.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System~Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.N1_PortA.Location =New System.Drawing.Point(536, 168) 
Me.Nl PortA.Name = "N1 PortA" 
- -Me.N1_PortA.Size =New System.Drawing.Size(24, 16) 
Me.N1 PortA.Tabindex = 15 
Me.N1 PortA.Text = "-" 
'LabellO 
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Me.Label10.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
eType(O, Byte)) 
Me.Label10.Location =New System.Drawing.Point(480, 160) 
Me.Label10.Name = "Label10" 
Me.Label10.Size = New System.Drawing.Size(48, 24) 
Me.Label10.Tabindex = 14 
Me.Label10.Text = "+/- 1" 
'P1 PortA 
Me.P1 PortA.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
eType(O, Byte)) 
Me.P1_PortA.Location =New System.Drawing.Point(536, 152) 
Me.P1 PortA.Name = "P1 PortA" 
- -Me.P1 PortA.Size =New System.Drawing.Size(24, 16) 
Me.P1 PortA.Tabindex = 13 
Me.P1 PortA.Text = "+" 
'Nl Porte 
Me.N1_Porte.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
eType ( 0, Byte) ) 
Me.N1_Porte.Location =New System.Drawing.Point(536, 368) 
Me.N1 Porte.Name = "N1 Porte" 
- -Me.N1_Porte.Size = New System.Drawing.Size(24, 16) 
Me.N1 Porte.Tabindex = 24 
Me.N1 Porte.Text = "-" 
'Labelll 
Me.Label11.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Label11.Location =New System.Drawing.Point(480, 360) 
Me.Label11.Name = "Label11" 
Me.Label11.Size = New System.Drawing.Size(48, 24) 
Me.Label11.Tabindex = 23 
Me.Label11.Text = "+/- 1" 
'Pl Porte 
Me.P1_Porte.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.P1_Porte.Location =New System.Drawing.Point(536, 352) 
Me.P1 Porte.Name = "P1 Porte" 
- -Me.P1_Porte.Size =New System.Drawing.Size(24, 16) 
Me.P1 Porte.Tabindex = 22 
Me.P1 Porte.Text = "+" 
'NS Porte 
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Me.N5 Porte.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System~Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
eType(O, Byte)) 
Me.N5_Porte.Location =New System.Drawing.Point(424, 368) 
Me.N5 Porte.Name = "N5 Porte" 
- -Me.N5_Porte.Size =New System.Drawing.Size(24, 16) 
Me.N5 Porte.Tabindex = 21 
Me.N5 Porte.Text = "-" 
'Label12 
Me.Label12.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
eType(O, Byte)) 
Me.Label12.Location =New System.Drawing.Point(368, 360) 
Me.Label12.Name = "Label12" 
Me.Label12.Size =New System.Drawing.Size(48, 24) 
Me.Label12.Tabindex = 20 
Me.Label12.Text = "+/- 5" 
'PS Porte 
Me.P5 Porte.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System~Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
eType(O, Byte)) 
Me.P5_Porte.Location =New System.Drawing.Point(424, 352) 
Me.P5 Porte.Name = "P5 Porte" 
- -Me.P5_Porte.Size =New System.Drawing.Size(24, 16) 
Me.P5 Porte.Tabindex = 19 
Me.P5 Porte.Text = "+" 
'N10 Porte 
Me.N10 Porte.Font = New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
eType(O, Byte)) 
Me.N10_Porte.Location =New System.Drawing.Point(312, 368) 
Me.N10 Porte.Name = "N10 Porte" 
Me.NlO=Porte.Size = New System.Drawing.Size(24, 16) 
Me.N10 Porte.Tabindex = 18 
Me.N10 Porte.Text = "-" 
'Label13 
Me.Label13.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Label13.Location =New System.Drawing.Point(256, 360) 
Me.Label13.Name = "Label13" 
Me.Label13.Size =New System.Drawing.Size(48, 24) 
Me.Label13.Tabindex = 17 
Me.Label13.Text = "+/- 13" 
'P10 Porte 
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Me.P10_PortC.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.P10_PortC.Location =New System.Drawing.Point(312, 352) 
Me.P10 PortC.Name = "P10 Porte" 
- -Me.P10_PortC.Size = New System.Drawing.Size(24, 16) 
Me.P10 PortC.Tabindex = 16 
Me.P10 PortC.Text = "+" 
'Nl PortE 
Me.N1_PortB.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.N1_PortB.Location =New System.Drawing.Point(536, 264) 
Me.N1 PortB.Name = "N1 PortB" 
- -Me.N1_PortB.Size =New System.Drawing.Size(24, 16) 
Me.N1 PortB.Tabindex = 33 
Me.N1 PortB.Text = "-" 
'Label14 
Me.Label14.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.Label14.Location =New System.Drawing.Point(480, 256) 
Me.Label14.Name = "Label14" 
Me.Label14.Size = New System.Drawing.Size(48, 24) 
Me.Label14.Tab!ndex = 32 
Me.Label14.Text = "+/- 1" 
'P1 PortB 
Me.P1 PortB.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System~Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.P1_PortB.Location =New System.Drawing.Point(536, 248) 
Me.P1 PortB.Name = "P1 PortB" 
- -Me.P1_PortB.Size = New System.Drawing.Size(24, 16) 
Me.P1 PortB.Tabindex = 31 
Me.P1 PortB.Text = "+" 
'N5 PortB 
Me.NS PortB.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System~Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.NS_PortB.Location = New System.Drawing.Point(424, 264) 
Me.NS PortB.Name = "NS PortB" 
- -Me.NS PortB.Size = New System.Drawing.Size(24, 16) 
Me.N5 PortB.Tabindex = 30 
Me.NS PortB.Text = "-" 
'Label15 
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Me.Label15.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Label15.Location =New System.Drawing.Point(368, 256) 
Me.Label15.Name = "Label15" 
Me.Label15.Size =New System.Drawing.Size(48, 24) 
Me.Label15.Tab!ndex = 29 
Me.Label15.Text = "+/- 5" 
'PS PortS 
Me.PS PortS.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.PS_PortS.Location =New System.Drawing.Point(424, 248) 
Me.PS PortS.Name = "PS PortS" 
- -
Me.PS_PortS.Size = New System.Drawing.Size(24, 16) 
Me.PS PortS.Tabindex = 28 
Me.PS PortS.Text = "+" 
'N10 PortS 
Me.N10 PortB.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.N10_PortS.Location =New System.Drawing.Point(312, 264) 
Me.N10 PortS.Name = "N10 PortS" 
Me.N10 PortS.Size =New System.Drawing.Size(24, 16) 
Me.NlO PortS.Tabindex = 27 
Me.N10 PortB.Text = "-" 
'Label16 
Me.Label16.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Label16.Location =New System.Drawing.Point(256, 256) 
Me.Label16.Name = "Label16" 
Me.Label16.Size = New System.Drawing.Size(48, 24) 
Me.Label16.Tab!ndex = 26 
Me.Label16.Text = "+/- 13" 
'P10 PortS 
Me.P10 PortS.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Sold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.P10_PortS.Location =New System.Drawing.Point(312, 248) 
Me.P10 PortS.Name = "P10 PortS" 
Me.P10=PortS.Size =New System.Drawing.Size(24, 16) 
Me.P10 PortS.Tabindex = 25 
Me.P10 PortS.Text = "+" 
'Min_ Duty 
I 
Me.Min_Duty.Location =New System.Drawing.Point(40, 56) 
Me.Min_Duty.Name = "Min_Duty" 
47 
Me.Min_Duty.Size =New System.Drawing.Size(24, 20) 
Me.Min_Duty.Tabindex = 39 
Me.Min_Duty.Text = "30" 
'LabelS 
Me.Label5.Location =New System.Drawing.Point(8, 56) 
Me.Label5.Name = "LabelS" 
Me.Label5.Size =New System.Drawing.Size(32, 24) 
Me.Label5.Tab!ndex = 40 
Me.Label5.Text = "Min:" 
'Label6 
Me.Label6.Location =New System.Drawing.Point(104, 56) 
Me.Label6.Name = "Label6" 
Me.Label6.Size = New System.Drawing.Size(32, 24) 
Me.Label6.Tab!ndex = 42 
Me.Label6.Text = "Max:" 
'Max_Duty 
Me.Max_Duty.Location =New System.Drawing.Point(136, 56) 
Me.Max_Duty.Name = "Max_Duty" 
Me.Max_Duty.Size =New System.Drawing.Size(24, 20) 
Me.Max_Duty.Tab!ndex = 41 
Me.Max_Duty.Text = "70" 
' 
'Duty_PortA 
' 
Me.Duty_PortA.Font = New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Duty_PortA.Location =New System.Drawing.Point(176, 160) 
Me.Duty_PortA.Name = "Duty_PortA" 
Me.Duty_PortA.Size = New System.Drawing.Size(72, 26) 
Me.Duty_PortA.Tabindex = 43 
Me.Duty_PortA.Text = "76" 
Me.Duty_PortA.TextAlign = 
System.Windows.Forms.HorizontalAlignment.Center 
' 
'Duty_PortB 
Me.Duty_PortB.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Duty_PortB.Location =New System.Drawing.Point(176, 256) 
Me.Duty_PortB.Name = "Duty_PortB" 
Me.Duty_PortB.Size = New System.Drawing.Size(72, 26) 
Me.Duty_PortB.Tabindex = 44 
Me.Duty_PortB.Text = "76" 
Me.Duty_PortB.TextAlign = 
System.Windows.Forms.HorizontalAlignment.Center. 
' 
'Duty_PortC 
' 
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Me.Duty_PortC.Font =New System.Drawing.Font{"Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Bold, System.Drawing.GraphicsUnit.Point, 
CType{O, Byte)) 
Me.Duty_PortC.Location =New System.Drawing.Point(176, 360) 
Me.Duty_PortC.Name = "Duty_PortC" 
Me.Duty_PortC.Size =New System.Drawing.Size(72, 26) 
Me.Duty_PortC.Tabindex = 45 
Me.Duty_PortC.Text = "76" 
Me.Duty_PortC.TextAlign = 
System.Windows.Forms.HorizontalAlignment.Center 
' 
'Test CornboBox 
Me.Test ComboBox.Location =New System.Drawing.Point(208, 56) 
Me.Test ComboBox.Name = "Test CornboBox" 
- -Me.Test_ComboBox.Size =New System.Drawing.Size(160, 21) 
Me.Test ComboBox.Tabindex = 46 
Me.Test ComboBox.Text = "Kenwood Sources Test" 
'chk ACPower 
Me.chk ACPower.Checked = True 
Me.chk_ACPower.CheckState = System.Windows.Forms.CheckState.Checked 
Me.chk_ACPower.Location =New System.Drawing.Point(392, 56) 
Me.chk ACPower.Name = "chk ACPower" 
- -Me.chk_ACPower.Size = New System.Drawing.Size(72, 32) 
Me.chk ACPower.Tabindex = 47 
Me.chk ACPower.Text = "Ac Power" 
'Duty_PortA_Actual 
' 
Me.Duty_PortA_Actual.Font =New System.Drawing.Font("Microsoft Sans 
Serif", 12.0!, System.Drawing.FontStyle.Bold, 
System.Drawing.GraphicsUnit.Point, CType(O, Byte)) 
Me.Duty_PortA_Actual.Location =New System.Drawing.Point(48, 160) 
Me.Duty_PortA_Actual.Name = "Duty_PortA_Actual" 
Me.Duty_PortA_Actual.Size =New System.Drawing.Size(72, 26) 
Me.Duty_PortA_Actual.Tabindex = 48 
Me.Duty_PortA_Actual.Text = "29.80" 
Me.Duty_PortA_Actual.TextAlign = 
System.Windows.Forms.HorizontalAlignment.Center 
'Duty_PortB_Actual 
Me.Duty_PortB_Actual.Font =New System.Drawing.Font("Microsoft Sans 
Serif", 12.0!, System.Drawing.FontStyle.Bold, 
System.Drawing.GraphicsUnit.Point, CType(O, Byte)) 
Me.Duty_PortB_Actual.Location =New System.Drawing.Point(48, 256) 
Me.Duty_PortB_Actual.Name = "Duty_PortB_Actual" 
Me.Duty_PortB_Actual.Size = New System.Drawing.Size(72, 26) 
Me.Duty_PortB_Actual.Tabindex = 49 
Me.Duty_PortB_Actual.Text = "29.80" 
Me.Duty_PortB_Actual.TextAlign = 
System.Windows.Forms.HorizontalAlignment.Center 
'Duty_PortC_Actual 
' 
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Me.Duty_Porte_Actual.Font = New System.Drawing.Font("Microsoft Sans 
Serif", 12.0!, System.Drawing.FontStyle.Bold, 
System.Drawing.GraphicsUnit.Point, eType{O, Byte)) 
Me.Duty_Porte_Actual.Location =New System.Drawing.Point(48, 360) 
Me.Duty Porte Actual.Name = "Duty Porte Actual" 
Me.Duty=Porte=Actual.Size =New System.Drawing.Size(72, 26) 
Me.Duty_Porte_Actual.Tablndex = 50 
Me.Duty_Porte_Actual.Text = "29.80" 
Me.Duty_Porte_Actual.TextAlign = 
System.Windows.Forms.HorizontalAlignment.eenter 
' 
'Label? 
Me.Label7.Font =New System.Drawing.Font("Microsoft Sans Serif", 
12.0!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.Label7.Location =New System.Drawing.Point(208, 96) 
Me.Label7.Name = "Label?" 
Me.Label7.Size =New System.Drawing.Size(352, 24) 
Me.Label7.Tablndex = 51 
Me.Label7.Text = "Add or Subtract from the input" 
Me.Label7.TextAlign = System.Drawing.ContentAlignment.MiddleCenter 
'Labell? 
Me.Labell7.Font =New System.Drawing.Font("Microsoft Sans Serif", 
14.25!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.Label17.Location =New System.Drawing.Point(120, 160) 
Me.Label17.Name = "Labell?" 
Me.Labell7.Size =New System.Drawing.Size(24, 24) 
Me.Label17.Tablndex =52 
Me.Label17.Text = "%" 
Me.Label17.TextAlign = System.Drawing.eontentAlignment.MiddleLeft 
'Labella 
Me.Label18.Font =New System.Drawing.Font("Microsoft Sans Serif", 
14.25!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Label18.Location =New System.Drawing.Point(120, 256) 
Me.Label18.Name = "Label18" 
Me.Labe118.Size = New System.Drawing.Size(24, 24) 
Me.Label18.Tablndex = 53 
Me.Label18.Text = "%" 
Me.Label18.TextAlign = System.Drawing.ContentAlignment.MiddleLeft 
'Labell9 
Me.Label19.Font =New System.Drawing.Font("Microsoft Sans Serif", 
14.25!, System.Drawing.FontStyle.Regu1ar, System.Drawing.GraphicsUnit.Point, 
CType (0, Byte)) 
Me.Label19.Location =New System.Drawing.Point(120, 360) 
Me.Label19.Name = "Label19" 
Me.Label19.Size =New System.Drawing.Size(24, 24) 
Me.Label19.Tablndex = 54 
Me.Label19.Text = "%" 
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Me.Label19.TextAlign System.Drawing.ContentAlignment.MiddleLeft 
'Label20 
Me.Label20.Font =New System.Drawing.Font("Microsoft Sans Serif", 
14.25!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Label20.Location = New System.Drawing.Point(72, 56) 
Me.Label20.Name = "Label20" 
Me.Label20.Size =New System.Drawing.Size(24, 24) 
Me.Label20.Tabindex = 55 
Me.Label20.Text = "%" 
Me.Label20.TextAlign = System.Drawing.ContentAlignment.MiddleLeft 
I 
'Label21 
Me.Label21.Font =New System.Drawing.Font("Microsoft Sans Serif", 
14.25!, System.Drawing.FontStyle.Regular, System.Drawing.GraphicsUnit.Point, 
CType(O, Byte)) 
Me.Label21.Location =New System.Drawing.Point(160, 56) 
Me.Label21.Name = "Label21" 
Me.Label2l.Size =New System.Drawing.Size(24, 24) 
Me.Label21.Tabindex = 56 
Me.Label21.Text = "%" 
Me.Label21.TextAlign = System.Drawing.ContentAlignment.MiddleLeft 
'Vout textbox 
Me.Vout textbox.Location =New System.Drawing.Point(472, 64) 
Me.Vout textbox.Name = "Vout textbox" 
- -Me.Vout textbox.Size =New System.Drawing.Size(120, 20) 
Me.Vout textbox.Tabindex = 57 
Me.Vout textbox.Text = "" 
Me.Vout textbox.Visible =False 
'VinA textbox 
Me.VinA textbox.AccessibleRole 
System.Windows.Forms.AccessibleRole.HotkeyField 
Me.VinA_textbox.Location =New System.Drawing.Point(96, 128) 
Me.VinA textbox.Name = "VinA textbox" 
- -Me.VinA textbox.Size = New System.Drawing.Size(88, 20) 
Me.VinA textbox.Tabindex = 58 
Me.VinA textbox.Text = "" 
Me.VinA textbox.Visible = False 
'VinB~textbox 
Me.VinB textbox.Location =New System.Drawing.Point(96, 232) 
Me.VinB textbox.Narne = "VinB textbox" 
- -Me.VinB textbox.Size =New System.Drawing.Size(88, 20) 
Me.VinB textbox.Tabindex = 59 
Me.VinB textbox.Text = "" 
Me.VinB textbox.Visible = False 
'Vine textbox 
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Me.VinC textbox.Location =New System.Drawing.Point(96, 328) 
Me.VinC-textbox.Name = "Vine textbox" 
- -Me.VinC_textbox.Size = New System.Drawing.Size(88, 20) 
Me.VinC textbox.Tabindex = 60 
Me.VinC textbox.Text = "" 
Me.VinC textbox.Visible = False 
'Label22 
Me.Label22.Location =New System.Drawing.Point(56, 128) 
Me.Label22.Name = "Label22" 
Me.Label22.Size =New System.Drawing.Size(32, 16) 
Me.Label22.Tabindex = 61 
Me.Label22.Text = "Vin" 
Me.Label22.Visible = False 
'Label23 
Me.Label23.Location =New System.Drawing.Point(56, 232) 
Me.Label23.Name = "Label23" 
Me.Label23.Size =New System.Drawing.Size(32, 16) 
Me.Label23.Tablndex = 62 
Me.Label23.Text = "Vin" 
Me.Label23.Visible = False 
'Label24 
Me.Label24.Location =New System.Drawing.Point(56, 328) 
Me.Label24.Name = "Label24" 
Me.Label24.Size = New System.Drawing.Size(32, 16) 
Me.Label24.Tablndex = 63 
Me.Label24.Text = "Vin" 
Me.Label24.Visible = False 
'startButton 
Me.startButton.Location =New System.Drawing.Point(544, 8) 
Me.startButton.Name = "startButton" 
Me.startButton.Size =New System.Drawing.Size(48, 24) 
Me.startButton.Tabindex = 64 
Me.startButton.Text = "Start" 
'stopButton 
Me.stopButton.Location =New System.Drawing.Point(544, 40) 
Me.stopButton.Name = "stopButton" 
Me.stopButton.Size =New System.Drawing.Size(48, 24) 
Me.stopButton.Tabindex = 65 
Me.stopButton.Text = "Stop" 
'loopTimer 
' 
Me.loopTimer.Interval 3 
'Forml 
Me.AutoScaleBaseSize New System.Drawing.Size(S, 13) 
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Me.ClientSize = New System.Drawing.Size(616, 446) 
Me.Controls.Add(Me.stopButton) 
Me.Controls.Add(Me.startButton) 
Me.Controls.Add(Me.Label24) 
Me.Controls.Add(Me.Label23) 
Me.Controls.Add(Me.Label22) 
Me.Controls.Add(Me.VinC_textbox) 
Me.Controls.Add(Me.VinB_textbox) 
Me.Controls.Add(Me.VinA_textbox) 
Me.Controls.Add(Me.Vout_textbox) 
Me.Controls.Add(Me.Duty_PortC_Actual) 
Me.Controls.Add(Me.Duty_PortB_Actual) 
Me.Controls.Add(Me.Duty_PortA_Actual) 
Me.Controls.Add(Me.Duty_PortC) 
Me.Controls.Add(Me.Duty_PortB) 
Me.Controls.Add(Me.Duty_PortA) 
Me.Controls.Add(Me.Max_Duty) 
Me.Controls.Add(Me.Min_Duty) 
Me.Controls.Add(Me.Label21) 
Me.Controls.Add(Me.Label20) 
Me.Controls.Add(Me.Labell9) 
Me.Controls.Add(Me.Labell8) 
Me.Controls.Add(Me.Labell7) 
Me.Controls.Add(Me.Label7) 
Me.Controls.Add(Me.chk_ACPower) 
Me.Controls.Add(Me.Test_ComboBox) 
Me.Controls.Add(Me.Label6) 
Me.Controls.Add(Me.LabelS) 
Me.Controls.Add(Me.Nl_PortB) 
Me.Controls.Add(Me.Labell4) 
Me.Controls.Add(Me.Pl_PortB) 
Me.Controls.Add(Me.NS_PortB) 
Me.Controls.Add(Me.LabellS) 
Me.Controls.Add(Me.PS_PortB) 
Me.Controls.Add(Me.NlO_PortB) 
Me.Controls.Add(Me.Labell6) 
Me.Controls.Add(Me.PlO_PortB) 
Me.Controls.Add(Me.Nl_PortC) 
Me.Controls.Add(Me.Labelll) 
Me.Controls.Add(Me.Pl_PortC) 
Me.Controls.Add(Me.NS_PortC) 
Me.Controls.Add(Me.Labell2) 
Me.Controls.Add(Me.PS_PortC) 
Me.Controls.Add(Me.NlO_PortC) 
Me.Controls.Add(Me.Labell3) 
Me.Controls.Add(Me.PlO_PortC) 
Me.Controls.Add(Me.Nl_PortA) 
Me.Controls.Add(Me.LabellO) 
Me.Controls.Add(Me.Pl_PortA) 
Me.Controls.Add(Me.NS_PortA) 
Me.Controls.Add(Me.Label9) 
Me.Controls.Add(Me.PS_PortA) 
Me.Controls.Add(Me.NlO_PortA) 
Me.Controls.Add(Me.Label8) 
Me.Controls.Add(Me.PlO_PortA) 
Me.Controls.Add(Me.Label4) 
Me.Controls.Add(Me.Label3) 
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Me.Controls.Add(Me.Label2) 
Me.Controls.Add(Me.Label1) 
Me.Narne = "Forrn1" 
Me.Text = "By Bryan Dobbs Oct 2003" 
Me.ResurneLayout(False) 
End Sub 
#End Region 
'**************************************************************************** 
* 
'+- 1/5/10 Bottons for port A/B/C Start 
'**************************************************************************** 
* 
Private Sub P10_PortA_Click(ByVal sender As Systern.Object, ByVal e As 
System.EventArgs) Handles P10_PortA.Click 
Duty_PortA.Text += 13 
End Sub 
Private Sub N10_PortA_Click(ByVal sender As Systern.Object, ByVal e As 
Systern.EventArgs) Handles N10_PortA.Click 
Duty_PortA.Text -= 13 
End Sub 
Private Sub P5_PortA_Click(ByVal sender As Object, ByVal e As 
System.EventArgs) Handles P5_PortA.Click 
Duty_PortA.Text += 5 
End Sub 
Private Sub N5 PortA Click(ByVal sender As Object, ByVal e As 
System.EventArgs) Handles N5_PortA.Click 
Duty_PortA.Text -= 5 
End Sub 
Private Sub P1_PortA_Click(ByVal sender As Object, ByVal e As 
Systern.EventArgs) Handles P1_PortA.Click 
Duty_PortA.Text += 1 
End Sub 
Private Sub N1_PortA_Click(ByVal sender As Object, ByVal e As 
Systern.EventArgs) Handles N1_PortA.Click 
Duty_PortA.Text -= 1 
End Sub 
Private Sub PlO_PortB_Click(ByVar sender As System.Object, ByVal e As 
Systern.EventArgs) Handles P10_PortB.Click 
Duty_PortB.Text += 13 
End Sub 
Private Sub NlO_PortB_Click(ByVal sender As Systern.Object, ByVal e As 
Systern.EventArgs) Handles N10_PortB.Click 
Duty_PortB.Text -= 13 
End Sub 
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Private Sub P5_PortB_Click(ByVal sender As Object, ByVal e As 
System.EventArgs) Handles P5_PortB.Click 
Duty_PortB.Text += 5 
End Sub 
Private Sub N5_PortB_Click(ByVal sender As Object, ByVal e As 
System.EventArgs) Handles N5_PortB.Click 
Duty_PortB.Text -= 5 
End Sub 
Private Sub P1_PortB_Click(ByVal sender As Object, ByVal e As 
System.EventArgs) Handles P1_PortB.Click 
Duty_PortB.Text += 1 
End Sub 
Private Sub N1_PortB_Click(ByVal sender As Object, ByVal e As 
System.EventArgs) Handles N1_PortB.Click 
Duty_PortB.Text -= 1 
End Sub 
Private Sub P10_PortC_Click(ByVal sender As System.Object, ByVal e As 
System.EventArgs) Handles P10_PortC.Click 
Duty_PortC.Text += 13 
End Sub 
Private Sub N10_PortC_Click{ByVal sender As System.Object, ByVal e As 
System.EventArgs) Handles N10_PortC.Click 
Duty_PortC.Text -= 13 
End Sub 
Private Sub P5_PortC_Click(ByVal sender As Object, ByVal e As 
System.EventArgs) Handles P5_PortC.Click 
Duty_PortC.Text += 5 
End Sub 
Private Sub N5_PortC_Click{ByVal sender As Object, ByVal e As 
System.EventArgs) Handles N5_PortC.Click 
Duty_PortC.Text -= 5 
End Sub 
Private Sub P1_PortC_Click(ByVal sender As Object, ByVal e As 
System.EventArgs) Handles Pl_PortC.Click 
Duty_PortC.Text += 1 
End Sub 
Private Sub N1_PortC_Click(ByVal sender As Object, ByVal e As 
System.EventArgs) Handles N1_PortC.Click 
Duty_PortC.Text -= 1 
End Sub 
'**************************************************************************** 
* 
'+- 1/5/10 Bottons for port A/B/C End 
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------- ----------------------------------------------------------------------------------------
'**************************************************************************** 
* 
'**************************************************************************** 
* 
'Enforce Min and Max Duty Cycles 
'**************************************************************************** 
* 
Private Sub Duty_PortA_TextChanged(ByVal sender As System.Object, ByVal e 
As System.EventArgs} Handles Duty_PortA.TextChanged 
If Duty_PortA.Text > Max_Duty.Text * 2.55 Then 
Duty_PortA.Text = Max_Duty.Text * 2.55 
End If 
If Duty_PortA.Text < Min_Duty.Text * 2.55 Then 
Duty_PortA.Text = Min_Duty.Text * 2.55 
End If 
'Write to port 
Dim digitalWriteTask As Task = New Task("DigitalWriteTask"} 
Try 
Create an Digital Output channel and name it. 
digitalWriteTask.DOChannels.CreateChannel("Devl/portl", "portO", 
ChannelLineGrouping.OneChannelForAllLines} 
Write digital port data. WriteDigitalSingChanSingSampPort 
writes a single sample 
of digital data on demand, so no timeout is necessary. 
Dim writer As DigitalSingleChannelWriter = New 
DigitalSingleChannelWriter(digitalWriteTask.Stream} 
writer.WriteSingleSarnplePort(True, CType(Duty_PortA.Text, Byte}) 
Catch ex As Systern.Exception 
MessageBox.Show(ex.Message} 
Finally 
digitalWriteTask.Dispose() 
End Try 
'end write to port 
'Write duty cycle in percent 
Duty_PortA_Actual.Text = CType(Duty_PortA.Text, Byte) I 2.55 
'End write duty cycle percent 
End Sub 
Private Sub Duty_PortB_TextChanged(ByVal sender As System.Object, ByVal e 
As System.EventArgs) Handles Duty_PortB.TextChanged 
If Test ComboBox.Text = "Kenwood Sources Test" Then 
If chk ACPower.Checked = True Then 
If Duty_PortB.Text > Max_Duty.Text * 2.55 Then 
Duty_PortB.Text = Max_Duty.Text * 2.55 
End If 
If Duty PortB.Text < Min Duty.Text * 2.55 Then 
Duty_PortB.Text Min_Duty.Text * 2.55 
End If 
End If 
End If 
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If Test_ComboBox.Text = "Real Sources Test" Then 
If chk_ACPower.Checked = False Then 
Duty_PortB.Text 0 
Else 
Duty_PortC.Text 0 
If Duty_PortB.Text > Max_Duty.Text * 2.55 Then 
Duty PortB.Text =Max Duty.Text * 2.55 
End If - -
If Duty_PortB.Text < Min_Duty.Text * 2.55 Then 
Duty_PortB.Text = Min_Duty.Text * 2.55 
End If 
End If 
End If 
'\vrite to port B 
Dim digitalWriteTask As Task = New Task("DigitalWriteTask") 
Try 
Create an Digital Output channel and name it. 
digitalWriteTask.DOChannels.CreateChannel("Devl/port2", "portO", 
ChannelLineGrouping.OneChannelForAllLines) 
Write digital port data. WriteDigitalSingChanSingSampPort 
writes a single sample 
of digital data on demand, so no timeout is necessary. 
Dim writer As DigitalSingleChannelWriter = New 
DigitalSingleChannelWriter(digitalWriteTask.Stream) 
writer.WriteSingleSamplePort(True, CType(Duty_PortB.Text, Byte)) 
Catch ex As System.Exception 
MessageBox.Show(ex.Message) 
Finally 
digitalWriteTask.Dispose() 
End Try 
' End write to port B 
'Write duty cycle in percent 
Duty_PortB_Actual.Text = CType(Duty_PortB.Text, Byte) I 2.55 
'End write duty cycle percent 
End Sub 
Private Sub Duty_PortC_TextChanged(ByVal sender As System.Object, ByVal e 
As System.EventArgs) Handles Duty_PortC.TextChanged 
If Test ComboBox.Text = "Kenwood Sources Test" Then 
If Duty_PortC.Text > Max_Duty.Text * 2.55 Then 
Duty_PortC.Text = Max_Duty.Text * 2.55 
End If 
If Duty_PortC.Text < Min_Duty.Text * 2.55 Then 
Duty_PortC.Text Min_Duty.Text * 2.55 
End If 
End If 
If Test ComboBox.Text = "Real Sources Test" Then 
If chk ACPower.Checked = False Then 
Duty_PortB.Text = 0 
If Duty_PortC.Text > Max_Duty.Text * 2.55 Then 
Duty_PortC.Text Max_Duty.Text * 2.55 
End If 
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Else 
If Duty_PortC.Text < Min_Duty.Text * 2.55 Then 
Duty_PortC.Text = Min_Duty.Text * 2.55 
End If 
Duty_PortC.Text 0 
End If 
End If 
'Write to port C 
Dim digitalWriteTask As Task = New Task("DigitalWriteTask") 
Try 
Create an Digital Output channel and name it. 
digitalWriteTask.DOChannels.CreateChannel("Devl/port3", "portO", 
ChannelLineGrouping.OneChannelForAllLines) 
Write digital port data. WriteDigitalSingChanSingSampPort 
writes a single sample 
of digital data on demand, so no timeout is necessary. 
Dim writer As DigitalSingleChannelWriter = New 
DigitalSingleChannelWriter(digitalWriteTask.Stream) 
writer.WriteSingleSamplePort(True, CType(Duty_PortC.Text, Byte)) 
Catch ex As System.Exception 
MessageBox.Show(ex.Message) 
Finally 
digitalWriteTask.Dispose() 
End Try 
'End write to port C 
'Write duty cycle in percent 
Duty_PortC_Actual.Text = CType(Duty_PortC.Text, Byte) I 2.55 
'End write duty cycle percent 
~dS~ 
'**************************************************************************** 
* 
'Enforce Min and Max Duty Cycles 
'**************************************************************************** 
* 
'**************************************************************************** 
* 
'Select Test Mode 1) Kenwood Sources 2) Real Sources So copy source 2 
to source 3 ... 
'**************************************************************************** 
* 
Private Sub Forml_Load(ByVal sender As System.Object, ByVal e As 
System.EventArgs) Handles MyBase.Load 
Test_ComboBox.Items.Insert(O, "Kenwood Sources Test") 
Test_ComboBox.Items.Insert(l, "Real Sources Test") 
End Sub 
Private Sub chk_ACPower_CheckedChanged(ByVal sender As System.Object, 
ByVal e As System.EventArgs) Handles chk_ACPower.CheckedChanged 
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If Test_ComboBox.Text = "Real Sources Test" Then 
If chk_ACPower.Checked = True Then 
Duty_PortB.Text Duty_PortC.Text 
Duty_PortC.Text 0 
Else 
Duty_PortC.Text Duty_PortB.Text 
Duty_PortB.Text 0 
End If 
Else 
If chk ACPower.Checked = True Then 
Duty_PortB.Text 30 ·* 2.55 
Else 
Duty_PortB.Text 0 
End If 
End If 
End Sub 
'Private Sub TextBoxl_TextChanged(ByVal sender As System.Object, ByVal e 
As System.EventArgs) Handles Vout_textbox.TextChanged 
'If Duty_PortA.Text > Duty_PortB.Text And Duty_PortB.Text > 
Duty_PortC.Text Then 
'Vout_textbox.Text = VinA_textbox.Text * Duty_PortA.Text + 
VinB_textbox.Text * (Duty_PortB.Text - Duty_PortA.Text) + VinC textbox.Text * 
Duty_PortC.Text 
'End Sub 
Private Sub Buttonl_Click(ByVal sender As System.Object, ByVal e As 
System.EventArgs) Handles startButton.Click 
startButton.Enabled = False 
stopButton.Enabled = True 
Try 
'Create a task such that it will be disposed after 
'we are done using it. 
myTask = New Task("Ditask") 
'Create channel 
myTask.DIChannels.CreateChannel("Devl/port0/line0:7", "DigRead", 
ChannelLineGrouping.OneChannelForAllLines) 
myDigitalReader =New DigitalSingleChannelReader(myTask.Stream) 
'enable the timer 
loopTimer.Enabled = True 
Catch exception As DaqException 
loopTimer.Enabled = False 
MessageBox.Show(exception.Message) 
'dispose task 
myTask.Dispose() 
startButton.Enabled True 
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stopButton.Enabled 
End Try 
False 
End Sub 
Private Sub stopButton_Click(ByVal sender As System.Object, ByVal e As 
System.EventArgs) Handles stopButton.Click 
'disable the timer and dispose of the task 
loopTimer.Enabled = False 
myTask.Dispose() 
startButton.Enabled = True 
stopButton.Enabled = False 
End Sub 
Private Sub loopTimer_Tick(ByVal sender As System.Object, ByVal e As 
System.EventArgs) Handles loopTimer.Tick 
Dim val As Int64 
Dim index As Integer 
Try 
Dim readData() As Boolean 
'Read the digital channel 
readData = myDigitalReader.ReadSingleSampleMultiLine() 
chk ACPower.Checked = readData(O) 
'bitlCheckBox.Checked readData(l) 
'bit2CheckBox.Checked readData(2) 
'bit3CheckBox.Checked readData(3) 
'bit4CheckBox.Checked readData(4) 
'bit5CheckBox.Checked readData{S) 
'bit6CheckBox.Checked readData(6) 
'bit7CheckBox.Checked readData(7) 
'For index= 0 To readData.Length - 1 
'If readData(index) =True Then 
'if bit is true 
'add decimal value of bit 
val += lL << index 
'End If 
'Next 
'display read value in hex 
'hexTextBox.Text = String.Forrnat("Ox{O:X}", val} 
Catch exception As DaqException 
loopTimer.Enabled = False 
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'dispose task 
myTask.Dispose{) 
MessageBox.Show{exception.Message) 
startButton.Enabled = True 
stopButton.Enabled = False 
End Try 
End Sub 
End Class 
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